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FOREWORD

This report was prepared by a Tridea, Inc.,
Engineering group consisting of P. M. Brown,
Project Engineer and responsible for the antenna
and pedestal design; L. J. Meyers, responsible
for data processing; D. McGregor, responsible
for receivers and calibration; S. Howard, respon-
sible for the control console; and K. Holtz,
responsible for operational aspects and equipment
siting. In addition, A. G. Van Alstyne provided
aircraft flight data and editing of the final report.
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ABSTRACT

This report describes the detailed requirements of the
Operations Central AN/MSQ-16 (XW-2) equipment to be
installed at the Verona Test Site at the Rome Air Develop-
ment Center, for the purposes of making in-flight antenna
pattern measurements and to provide a general purpose
facility to make spectrum signature measurements on a
wide variety of radiating weapon systems. The various
expected signal sources are analyzed and the required
equipment performance in terms of antenna gains and
receiver sensitivities is specified. An analysis of means
of providing a passive tracking capability is made and it is
concluded that an r-f differencing monopulse type tracker
can provide the required angle tracking performance over
the r-f tuning range of 0.1 KMc to 18 KMc, with this range
divided into six bands.

Various receiver and calibration systems are analyzed
and it is concluded that the receiver tuning units and cali-
bration generators should be located within the antenna
pedestal. Transmission of signals to the main equipment
location can then be made at i-f frequencies.

The required signal data processing is analyzed from
the standpoint of two system configurations; one employing
a raw data recording system which permits data process-
ing at any time after flight data is taken, and one employing
a general-purpose digital computer for real-time data
processing during the flight. It is concluded that the latter
configuration has major advantages and will not appreciably
increase the equipment cost.
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Evaluation of Contractual Effort

This study effort is the first part of a two phase program to provide

the Alr Force with a capability of Airborne Spectrum Signature, which

is unavailable at this time. The second part will provide a developmental
model to be installed at the Verona Test Annex.

The developmentel model will provide a modernized Operations Central

with equipment capable of operating with all possible modulations, greater
dynamic range, improved accuracies and designed for a greater reliability.
Other improvements to be included will be automatic date recording for
computer date read-out and real time datea reduction, a passive tracking
measurement system capable of both absolute and relative radiation measure-
ments, and analysis equipment for the collection of spectrum signatures.
The system will cover the frequency range from .l to 18gc, but is designed
in a building block configuration for future expansion to 100gec, infra-red
and ultra-violet measurement, thus meeting the rapidly advancing state

of the art progrem requirements. These measurements will be made on a
real time radiated bgsis, resulting in instantaneous and direct resdout
capability of accurately measured paremeters in support of the DOD
Electromagnetic Compatibility Program. Related areas of support will be
made 1n airborne spectrum signatures, Radio Frequency Interference
Analysis, Radar Reflectivity Measurements and Dynamic Antenna Patterp
Evaluation Progrems.

£ Covte

TON E. COOK
Task Engineer
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SECTION 1

INTRODUCTION

This is the final technical report of an engineering study to specify
the detailed configuration of the Operations Central AN/MSQ-16 (XW-2)
equipment. This study was performed by Tridea Electronics, Inc., South
Pasadena, California, for the Rome Air Development Center under Contract
AF 30 (602,-3095, in accordance with performance criteria established by

Exhibit RADC-5111.
1.1 CONTRACT OBJECTIVE

The purpose of the contract is to study the requirements of the Oper-
ations Central AN/MSQ-16 (XW-2) equipment with the objective of defining a
detailed equipment configuration which will perform the AN/MSQ-16 (XW-2)
mission assignment. The AN/MS5Q-16 (XW-2) equipment is to be a perma-
nent installation at the Verona Test Site, a test facility of the Rome Air
Development Center, Griffiss Air Force Base, New York. The purpose of
the equipment is to provide a facility for the measurement of airborne
antenna patterns and spectrum signature of radiating airborne systems. The
initial equipment will provide an antenna and receiving system capable of
operation over the frequency range of 0.1 KMc to 18 KMc, with an expansion
capability for operation to 40 KMc. Specifically, the equipment is to provide
the following:

1. High-gain antennas capable of receiving the expected signal
sources.

2. A slaved tracking mode of operation, capable of slaving the
receiving antennas to an external active radar tracker
(AN/MSQ-1A or AFMTC Mod III).

3. A passive tracking mode, capable of passive tracking any
signal source within its frequency range.

4. A calibration system capable of allowing the measurement of the
absolute received signal levels.

5. A panoramic search and display mode capable of displaying all
signals within the equipment frequency range.

6. A data processing system capable of coordinating the various
signal parameters and performing the data processing and com-
putation necessary to analyze and describe the radiation patterns
in terms of aircraft coordinates.
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7. A display and control console capable of providing control of the
equipment, monitoring of selected signal parameters and means
for manual entry of various identification data.

In addition to the study of the equipment requirements, another con-
tract objective was to survey various available items of electronic equipment
which could be incorporated into the Operations Central to meet the system
requirements. This survey had the objective of providing the desired per-
formance at a minimum development cost. In order to meet this requirement,
a brief specification describing the required performance of the major sub-
systems was prepared and submitted to known manufacturers of these items.
The results of this survey are contained in Section 6 of this report.

Section 2 of {iis report contains the results of the equipment require-
ment study. Section 3 contains a discussion of operational considerations
and of sit.ag and collimation problems. Section 4 contains a detailed descrip-
tion of a system which is considered an optimum equipment configuration, and
Section 5 contains a discussion of the system's future expansion capability.
The remaining section contains a report bibliography.

Appendix I contains a discussion of the system relia-
bility, and Appendix I contains a discussion of maintainability considerations.

Appendix IIIdescribes a method of computing orientation of an RF Vector,
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SECTION 2

EQUIPMENT REQUIREMENTS AND TECHNIQUE INVESTIGATIONS

This section summarizes the investigations of basic techniques which
might be used to perform the functions required. Each basic function is
discussed separately by first developing the operating parameters and then
describing the available techniques.

B I ANTENNAS

The antenna requirements of the AN/MSQ-16 (XW-2) are determined
by a number of interrelated system requirements. From the standpoint of
the pedestal and r-f transmission requirements it is obviously advantageous
to cover as large a frequency band as possible. However, other factors,
such as passive tracking, the limited tuning range of available receivers
and calibration requirements may make it desirable to restrict the antenna
bandwidths to provide a less complex and costly system.

At the present time, a single antenna is not available which will cover
the complete frequency coverage of the AN/MSQ-16 (XW-2). This then
requires that the antenna system be divided into a number of frequency bands.
The manner in which the full frequency coverage is divided will be dependent
in part upon the state of development of available antennas and other system
considerations as previously indicated.

2.1.1 Required Antenna Performance. - It is first of interest to investigate
the required antenna performance, in terms of gain and beamwidth as a
function of the operating r-f frequency. Once this has been determined,
various antenna configurations can then be investigated.

In order to determine the required antenna performance, it is first
necessary to make certain assumptions as to the characteristics of the signal
source for which measurements are to be made. In order that these assump-
tions remain valid for all the expected signal types for which the AN/MSQ-16
(XW-2) is to measure, the assumptions as to the signal source should be of a
"minimal' nature, i.e., the minimum expected transmitter power and mini-
mum airborne antenna gain. Additionally, it can be expected that the assump-
tions as to the signal source will be dependent upon the r-f frequency.

Table 2.1-1 is a listing of various types of radiating electronic
equipment which might occur as signal sources for the AN/MSQ-16. The
transmitted power levels and antenna gains indicated are considered to be
minimum expected values,
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With this data, the required AN/MSQ-16 antenna gains can be com-
puted, once the required signal levels at the AN/MSQ-16 antenna terminals
have been determined. For the purposes of these calculations, the required
minimum signal level at the AN/MSQ-16 antenna terminals can be assumed
to be -90 dbm. This will provide a minimum signal-to-noise ratio of +10 db
for wide-bandwidth signals at the high end of the band and a somewhat larger
signal-to-noise ratio for narrow-band signals and lower r-f frequencies,
The requ.red signal-to-noise ratios for signal intercept and passive tracking
are discussed in Sec, 2.4. The one-way line-of-sight range equation can be
expressed by the following:

Pr=~98dbm+Pt+Gt+Gr+2)\-2R (2.1)
Where:
Pr = received signal power in dbm at the receiving antenna
terminals.
Pt = transmitted power in dbw {db above one watt).
Gt = transmit'ted antenna gain in the direction of the receiving
antenna in db above an isotropic radiator.
Gr = the receiver antenna gain db above an isotropic antenna.
A = the operating wave length in db over 1 cm.
R = the range between the transmitted and receiver db above

1 nautical mile.

In the case of aircraft equipment, a maximum desired operating
range of 50 nm can be assumed. For a minimum value of P, of -90 dbm the

required receiving antenna gain G, is then given by:

G, = 47-P, -G, -2} (2.2)

This expression is plotted in Fig. 2.1-1 as a function of r-f frequency
(solid lines) for an airborne transmitter antenna gain Gy of 0 db and for trans-

mitter powers P, of 0.1 and 1.0 watts.

Also shown in Fig. 2.1-1 are the antenna gains and frequency bands
considered optimum for the AN/MSQ-16 system. The frequency band selec-
tion has been based upon the availability of r-f components, primarily hybrid
junctions for passive tracking, and available receivers, With the exception
of Band 1, the 0.1 KMc to 1 KMc band, a one-to-one relation can exist
between the antennas, r-f system and receivers. The 10:1 frequency range
of Band 1 will require at least two and possibly three r-f systems to provide
passive tracking across the complete band. This band was not sub-divided
on an antenna basis because of the large antenna aperture required and the
feasibility of a single antenna to cover this range.
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It will also be noted that the gain of two possible antenna configurations
have been shown for Band 1. The first is a log-periodic array (LP Array)
characterized by relatively constant gain and beamwidth for the frequency
range of Band 1. The second Band | antenna configuration is a parabolic
reflector (Parabola, LP Feed) fed by log-periodic feeds. This latter config-
uration is characterized by constant illumination of the parabolic reflector as
a function of r-f frequency, causing the antenna gain to increase as the square
of frequency. This latter configuration has the obvious advantage of making
full use of the antenna aperture across the full band, providing increased
gain at the high end of the band. As will be discussed in the next section, the
log -periodic fed parabola has difficulty in providing a dual-polarized quad-
ruple feed for passive tracking, whereas this can conveniently be obtained
for the log-periodic array.

In addition to detection and measurement of radiation from aircraft
electronic equipment, it is also a system rcquirement that the AN/MSQ-16
be capable of making measurements of the received signal from possible
satellite transmitter sources, primarily, spectrum signature measurements.

In order to compute the expected AN/MSQ-16 performance, various
assumptions were made as to the minimum transmitted power and antenna
gain of the satellite radiation source. For these calculations, a value of
transmitted power of 1.0 and 10 watts was assumed. The transmitter
antenna gain was taken as +3 db and the minimum required signal level at
the AN/MSQ-16 antenna terminals was assumed to be -90 dbm (S/N = +10 db).
These values were substituted into Eq. 2.1, together with the AN/MSQ-16
antenna gains indicated in Fig. 2.1-1 and the maximum range was computed.
These results are plotted in Fig. 2.1-2 for the two transmitter power levels.
Here, one can see the advantage of the Band | parabolic reflector, illumi-
natced by the log-periodic constant-beamwidth feed, i.e., the increase in
antenna gain compensates for the A% term in the one-way range equation,
providing constant range performance for constant-source conditions.

In addition to the antenna gains, the antenna beamwidths are also of
importance, particularly when considering passive tracking and the ground
reflection problem.

In the case of a well-designed horn-fed parabolic reflector, the
beamwidths can be closely related to the antenna gain, with slight variations
as a function of reflector illumination and whether the pattern is in the E or
H plane. However, this is not necessarily true for a log-periodic array or
parabolic reflector fed by a log-periodic antenna. Table 2.1-2 is a summary
of the R-F bands, together with the required antenna gains and estimated
heamwidths., It should be noted that since the antennas are dual polarized,
the E- and H-plane beamwidths correspond to the azimuth or elevation beam-
width depending upon the.choice of vertical or horizontal polarization. The
performance of the two approaches to the Band | antenna are indicated in the
table. The advantages of the parabolic reflector with the LP feed are appar-
ent from a beamwidth standpoint, providing better passive tracking in the
frequency range below 1 KMc. This type of antenna is employed for Band 2,
as indicated by the increase in gain with frequency. The parabolic reflector
with the LP feed becomes quite practical in this frequency range due to the
smaller fractional bandwidth and larger relative reflector size compared to
the feed size, reducing aperture blocking. These considerations will be dis-
cussed in more detail in the following sections.

7
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SUMMARY OF R-F BANDS AND CORRESPONDING
ANTENNA CHARACTERISTICS

TABLE ~.1-2

SECTION 2

Frequency E-Plane H-Plane
Band Range Gain Beamwidth Beamwidth
Bana 1 0.1 KMc
13 db ~45° ~45°
L. P. Array 1.0 KMc
Band 1 0.1 KMc ~11.5db 50° m45°
Parabola LP feed 1.0 KMc 30 db 6° 5.5°
1.0 KMc 30 db 6° 5.5°
Band 2
2.0 KMc 36 db 3° 2.7°
2.0 KMc
Band 3 36 db 3° 2.7
4.0 KMc
4.0 KMc
Band 4 42 db 1.5° 1.4°
8.0 KMc
8.0 KMc
Band 5 42 db 1.5° 1.4°
T 12.0 KMc
12.0 KMc
Band 6 43 db 1.3° l.2°
18.0 KMc
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2.1.2 Antenna Configurations. - The previous section has determined the
required AN/MSQ-16 antenna gains from considerations of the expected signal
source, range and AN/MSQ-16 signal level requirements. This section will
discuss vavious antenna configurations, together with their design limitations,
to achieve the desired performance.

A class of antennas which has wide application to the AN/MSQ-16
antenna system is the log-periodic antenna. Various types of log-periodic
antennas are illustrated in Fig. 2.1-3. This class of antenna is capable of
maintaining frequency-independent performance, in terms of input imped-
ance, beamwidth and gain, over a frequency range in excess of 20:1.

The geometry of log-periodic antenna structures is chosen so that the
electrical properties of the radiating elements repeat periodically with the
logarithm of frequency. Although there are a large variety of log periodic
structures that can be employed, the ones shown have proven to be the most
practical. The dipole or wire trapezoid type is employed at the lower r-f
frequencies and the trapezoidal tooth type at the higher frequencies.

The highest frequency of operation of a log-periodic antenna is
approximately equal to the frequency where the shortest element is a
quarter-wavelength long, and the lowest frequency is where the longest ele-
ment is a quarter-wavelength long. Log-periodic antennas have been con-
structed to operate at a frequency as low as 2 Mc and as high as § KMc.
However, at frequencies above approximately 5 KMc manufacturing toler-
ances become severe. The achievable gain of a log-periodic antenna is
nominal, being in the region of 7 to 8 db for a single element. However,
multiple elements can be arrayed to provide increased gain.

Although a complete theoretical analytical description of the log-
periodic antenna is presently unavailable, considerable experimental data is
available in the literature (Ref. 1, 2) to provide acceptable antenna designs.

The use of a log-periodic antenna in the AN/MSQ-16 antenna system
has major application for the Band 1 (0.1 KMc to 1.0 KMc) antenna, due to
the wide frequency range. As indicated in the previous section, the log-
periodic antenna may be employed in two configurations. The firstis as an
array of log-periodic elements, and the second, a log-periodic antenna
employed as the feed for a parabolic reflector.

The fi~st configuration is illustrated in Fig. 2.1-4, a & b. Four log-
periodic elements are arrayed to provide two elements in the E-plane and two
in the H-plane. Each element is of the log-periodic dipole type (Ref. 2) and
employs crossed elements to provide vertical and horizontal polarization.
The axis of each element is tilted to form a pyramid. The tilt angle is such
that the spacing between each element center of radiation is a constant times
the wave length, typically 0.7) for a good array factor.

Each of the four elements can now be fed separately and combined in
appropriate hybrid junctions to provide a sum pattern and a difference pattern

in each plane, for passive tracking.
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As previously indicated, this design approach to the Band 1 antenna
provides relatively constant sum pattern gain and beamwidth across the band.
It has the advantage of being a simpler design and of relatively small size
and low wind resistance. Side lobe and back lobes can be held to greater
than 20 db below the main lobe gain and the VSWR can be held to less than
1.5:1.

A second approach to the Band 1 antenna, is the use of a parabolic
reflector, fed by a multiple element log-periodic array. This approach has
the advantage of providing constant reflector illumination as a function fre-
quency, causing the antenna gain to increase with the square of frequency.
The disadvantage of this configuration is the difficulty in maintaining the
phase center of the log-periodic feed at the focus of the parabolic reflector.
The distance from the log-periodic vertex to its phase center or effective
point of radiation is directly proportional to wave length, the constant of
proportionality being in the region of 0.2 to 0. 4.

The effect of de-focusing of the reflector along the feed axis is to
cause a quadratic phase error over the reflector aperture. This then results
in less gain, a broader beamwidth and higher side lobes. At the present
time it is difficult to calculate the effects of feed de-focusing. However, test
data is available which will indicate the magnitude of antenna performance
degradation due to de-focusing.

Figure 2.1-5 indicates the measured antenna gain as a function of
feed location relative to the focal length. This data was taken from an
antenna designed to cover the frequency range of 600 Mc to 6 KMc. The dish
diameter was 4 feet and the feed consisted of a sheet trapezoidal tocth struc-
ture. It will be noted from the data of Fig. 2.1-5 that the high frequency end
is quite sensitive to feed location. This is as expected, as feed displacement
from the focus, along the feed axis, represents a constant path length differ-
ence to the antenna aperture, independent of frequency; however, a path
length difference results in a phase error inversely proportional to wave
length. As indicated in the figure, for this particular antenna, optimum feed
location occurs with the feed vertex located slightly on the reflector side of
the focus.

This data indicates quite satisfactory results for the particular
antenna, over a 10:1 frequency range. However, it can be expected that with
a larger reflector and a higher F/D ratio, the antenna performance degrada-
tion with de-focusing will be somewhat worse.

For the AN/MSQ-16 application, the reflector diameter is limited to
approximately 18 feet. The log-periodic feed must have a dimension L (See
Fig. 2.1-5) of at least 6 feet tu operate down to 100 Mc. These approximate
dimensions indicate that an antenna designed for the AN/MSQ-16 Band 1
would have less favorable ratios of dimensions than the antenna of Fig. 2.1-5,

It should be noted, that in order to obtain passive tracking, the feed
consists of a four-element array, similar to that previously discussed. This
should aid the de-focusing problem, as for a given primary pattern beam-
width, the log-periodic elements will be shorter, due to the increase in gain
obtained by arraying elements. A detailed design of this antenna is presented
in Sec. 4. 2.

13
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The Band 2 antenna, covering the frequency range of 1.0 KMc to
2.0 KMc lends itself quite well to the log-periodic fed parabolic reflector.
Here the de-focusing effect will be much less serious due to the smaller
fractional bandwidth and the higher frequencies, allowing a better ratio
between feed size and reflector size.

The Band 3 antenna, covering the frequency range of 2.0 KMc to
4,0 KMc, can also employ the log-periodic-fed parabolic reflector. How-
ever, consideration has also been given to a possible alternative approach.

The addition of a single or double ridge to conventional waveguide
allows the guide to be employed over a bandwidth in excess of 2:1, Ridged
wave guide can be employed to excite a pyramidal horn, which in turn can be
employed as a feed for a parabolic reflector; four such feeds can then be
clustered to provide a passive monopulse tracking capability.

The advantage of this configuration over the log-periodic feed is that
dual polarization operation may be more conveniently obtained. This
requires that the guide and horn be symmetrical in the E and H planes, with
possible reflector illumination problems due to the characteristically differ-
ent E- and H-plane primary patterns. However, it appears that it may be
easier to obtain the desired primary patterns with horns than with the dual
polarized log-periodic feeds. One disadvantage 6f the horn feed is that the
antenna gain and beamwidth will tend to remain constant across the band
rather than improve as the frequency squared as would be the case with the
log-periodic feed, However, since the reflector illumination will improve
with increasing frequency (better illumination taper due to a narrower pri-
mary pattern), side lobes can be expected to be lower at the upper end of the

band, using horn feeds.

The antenna configuration deemed most feasible for Band 4 (4 KMc -
8 KMc), Band 5 (8 KMc - 12 KMc) and Band 6 (12 KMc - 18 KMc) is that using
ridged-waveguide horns feeding a parabolic reflector. The manufacturing
tolerances of log-periodic feeds become quite difficult as the frequency is
increased much above 4 KMc, particularly where dual polarization and pas-
sive tracking are required. The reflector dimensions for these higher-
frequency bands can be reduced as indicated in the previous sections, to
maintain the gain in the region of 42 db. A more detailed description of the

antennas is contained in Sec. 4.2.
2.2 PASSIVE TRACKING

Various basic methods exist to provide a passive tracking capability,
These are essentially the same techniques employed for active radar tracking,
except that instead of transmitting a signal and tracking reflected return, the
receiving system tracks a radiating source. Basically, the receiving system
for passive tracking can be similar to those employed for active or radar
tracking. The major differences are that (1) no range tracking is possible
and (2) the passive tracker is required to identify the r-f frequency before
angle tracking can be initiated. In addition, (3) passive tracking is usually
required to operate over wide r-f bandwidths,

15
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Three basic types of tracking systems can be considered for the
AN/MSQ-16. These are sequential lobing, r-f comparison monopulse, and
video-comparison monopulse. Of these three tracking methods, sequential
lobing is the simplest, in respect to both the antenna and receiver design.

The principal characteristic of a sequential lobing system is that directional
information is obtained by comparing samples of the received signal ampli-
tude as the antenna beam angle is moved about the signal direction angle.

This is normally accomplished by rapidly switching between alternative beam
positions or by conical scanning a squinted beam around the boresite axis. In
sequential lobing there is inherent some time difference between signal sam-
ples. If the beam is conically scanned by mechanical means (the most-used
technique), the time between samples of opposite error polarity is one half
the period of a single complete conical scan cycle, or 1/60 second for 30 cps
scan rate. If within this time interval, the incident signal level changes, sig-
nificant angle-tracking errors can be introduced. It is for this reason that a
sequential-lobing or conical-scanning system is not employed for the tracking
of signals which can exhibit rapid changes in amplitude. It can be expected
that the AN/MSQ-16 will be required to track such signals.

In addition, rapid mechanical movement of the low-frequency
AN/MSQ-16 antenna feeds does not appear feasible. Beam switching between
multiple beam positions is, at least as far as antenna design is concerned, as
complicated as a monopulse system, with the disadvantage of being suscepti-
ble to tracking errors introduced by rapid signal fluctuations. For these
reasons, a simultaneous-lobing or monopulse tracking system is required
for the AN/MSQ-16 rather than a sequential-lobing system.

In the monopulse system, directional error information is obtained
essentially instantaneously by simultaneous comparison of opposed lobes, so
that signal-amplitude variations as a_function of time cannot affect the track-

ing accuracy.

Two basic types of monopulse tracking systems can be considered for
use in the AN/MSQ-16; r-f comparison monopulse and video-comparison
monopulse. The antenna requirements for either type are essentially the
same; however, the receiving systems are quite different.

Figure 2.2-1 is a basic block diagram of an r-f comparison mono-
pulse tracking system. This is a so-called r-f amplitude-comparison system
as opposed to a phase-comparison system. A phase-comparison monopulse
tracker is not considered for the AN/MSQ-16 due to the difficulty of obtaining
satisfactory operation over a wide range of r-f frequencies. Phase informa-
tion is preserved in the r-f amplitude-comparison system; however, this
information is employed only to determine the sense of the tracking error
rather than error amplitude.

Figure 2.2-2 indicates typical antenna patterns for the sum channel
and for either the elevation- or azimuth-difference channel. Ideally, the four
antenna feeds are located at the reflector focus and squinted slightly off the
sum-channel axis, two in the azimuth plane and two in the elevation plane.
However, since all four feeds cannot be located at the focus, the feed
assembly is normally designed so that the reflector illumination is near opti-
mum for the sum channel (all four feeds fed in phase). The fact that the
individual feeds are off the focus and do not illuminate the reflector

16
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Figure 2,2-2. Typical Monopulse Sum and Difference Attenna Pattern
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optiminally, accounts for the higher side lobes in the difference pattern of
Fig. 2.2-2. More complex feed arrangements (Ref. 3) are available to pro-
vide independent optimization of the sum and difference reflector illumination;
however, these are considered far too complex for a wide-band system such

as the AN/MSQ-16.

The principal design problem of the r-f comparison monopulse passive
tracker, as it relates to the AN/MSQ-16, is that of obtaining the desired per-
formance of the r-f system over the required r-f frequency range. The most
critical requirement is signal-amplitude balance between the four feeds prior
to r-f differencing within the hybrids. Signal-amplitude unbalances will cause
a direct boresite shift and a resulting tracking error.

Figure 2.2-3 indicates the angular tracking error as a ratio of error
to beamwidth (65/€) as a function of amplitude unbalance, for various ratios
of beam separation to beamwidth (y/€). This and subsequent data was obtained
from Ref. 6.

It should be noted that the signal-amplitude unbalance includes antenna
gain unbalances between each feed, transmission line unbalances and unbal-
ances within the hybrids themselves. Additionally, the term unbalance refers
to changes that might occur after collimation, principally, in the case of the
AN/MSQ-16, due to a major change in r-f frequency from the collimation
frequency.

Although not as critical as pre-difference amplitude errors, pre-
difference phase errors also deteriorate the tracking performance of a
passive tracker. The major effect of phase unbalances prior to r-f differ-
encing is to cause the depth of the difference-pattern null to increase. This
is the same as reducing the slope of the phase detector output in terms cf
volts/degree off bore site and has the effect of reducing y/€, making the sys-
tem more sensitive to pre-comparison amplitude unbalances and to various
system noises. Figure 2.2-4 indicates the antenna difference-pattern null
depth as a function of pre-comparison phase difference for various values of

U/,

In addition to pre-comparison phase differentials, phase differences
between the sum channel and the difference channels may exist, i.e., post-
comparison phase shifts. Post-comparison phase shifts have the effect of
reducing the crossover slope, and if they exist in addition to pre-comparison
phase shifts, will cause a second-order bore-site shift. This effect is illus-
trated in Fig. 2.2-5, which is a plot of bore-site shift as a function of post-
compariscn phase shift for a particular antenna beamwidth (€ = 5°) and
pre-comparison phase shift (a = 5°) for various values of /€. It should be
noted from the various error data presented, that for a given system unbalance,
the resulting tracking error is minimized by a high beam separation or squint-
to-beamwidth ratio (¥/€). This data is based upon an assumed antenna voltage
pattern which is proportional to the sine of the angle from maximum radiation.
In the case of more realistic patterns, there is an optimum ratio of squint
angle to beamwidth which will maximize the crossover slope and minimize the
effects of system unbalances. Depending upon the particular pattern, maxi-
mum slope occurs in the region of §/€ between 0.6 and 1.0, corresponding to
beam crossover at the -1.2 to -3 db points.
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AMPLITUDE UNBALANCE db

Figure 2.2-3. Boresight Shift vs Pre-Comparator Amplitude Unbalance
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Figure 2.2-4. Antenna Difference Pattern Null Depth vs
Pre-Comparison Phase Unbalance
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The second type of monopulse passive tracker that may be considered
for the AN/MSQ-16 is the video-comparison tracker. This tracker has the
same antenna configuration as the r-f comparison tracker; however, in the
video-comparison tracker, differencing is accomplished after detection of
the received signal. Figure 2.2-6 is a block diagram of the video-comparison
system. The principal advantage of this arrangement is that the r-f portion
of the system is relatively independent of frequency and the r-f tuning range
is limited only by the antenna beamwidth and the tuning range of a conventional
receiver. However, the video-comparison system has some disadvantages,
the principal one being its sensitivity to gain unbalances between channels.
Gain balance is somewhat difficult to control to the required accuracy since
in this system gain balance is required for all the elements in the entire
receiver chain. Additionally, since overload cannot be tolerated, an AGC
system must be employed and applied in such a manner as to avoid introduc-
ing gain unbalances as a function of signal level.

The tracking error caused by gain unbalance in the video-comparison
scheme is similar to that caused by pre-comparison unbalances in the r-£
comparison system. Reference to Fig. 2.2-3 indicates that the gain balance
should be on the order of 1 db to maintain the tracking error to less than 2%
of a beamwidth. On the other hand, phase errors are of no consequence in

the video-comparison system.

The problem of maintaining gain balance between the various receiver
channels has been solved by the use of a pilot signal. The pilot signal is an
r-f pulse signal which is injected at equal level into each channel. After
detection and differencing, the residual pilot signal is selectively gated and
employed to adjust the receiver channel gains for cancellation of the pilot
pulse, thus achieving balance. The problem of applying AGC has been solved
by employing a different i-f frequency in each channel. The channels are
then mixed and amplified through a common amplifier which has a band pass
wide enough to accept all channels. The AGC signal, developed from the
sum signal, can now be employed to control the gain of the common amplifier
to provide a constant sum-signal output, independent of the r-f signal input.
Since all channels are amplified by the same common amplifier, no gain
unbalance will be introduced by the AGC circuit, and channels can be sepa-
rated at the amplifier output on the basis of their i-f frequency.

A video-comparison monopulse system, as just described, was
constructed and employed in the passive tracking system of the AN/MLQ-7
countermeasures equipment. This equipment provided passive tracking over
a 4 KMc tuning range at X-band, with an angle tracking accuracy of
1 milliradian.

The choice between which type of tracker should be employed in the
AN/MSQ-16 is dependent upon the performance of the r-f components avail -
able for the r-f comparison system. The r-f comparison system is less
complex than the video-comparison system, so that if it can be designed to
cover the required tuning ranges it would be the logical choice.

The r-f component that imposes the greatest tendency to limit the
tuning range of tie r-f comparison system is the hybrid junction, particularly
in regard to amplitude balance vs. frcquency. However, recent developments
indicate (Ref. 7) that balance can be maintained within #0.4 db over a 5:1
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bandwidth., These hybrids have been designed to operate at frequencies up to
5 KMc and it is believed that this can be extended to X-band. This potential-
ity points to the use of an r-f comparison monopulse tracking system for the
AN/MSQ-16. Although a single r-f configuration will not cover the complete
Band 1 (0.1 KMc to 1.0 KMc), ree separate designs can be employed to
obtain the necessary tuning 1ange. A more detailed discussion of the passive
tracking receiver is contained in Sec. 4.4.

2.3 SIGNAL DISTRIBUTION AND TRANSMISSION

As indicated in the previous section, the use of r-f differencing
monopulse tracking can be employed to provide a passive tracking capability
for the AN/MSQ-16. Due to the tight tolerances required for pre-differencing
amplitude and phase balance, the hybrid junctions, necessary to provide the
two difference- and sum-channel signals, must be located as close to the
antcnna feeds as possible.

In addition, in order to make full use of the available antenna aperture
the sum signal from the hybrid output should be employed for signal-level
measurements. This requires that two sets of hybrids be employed, one for
horizontal polarizatior and one for vertical polarization, in order to provide
the capability of simultancous monitoring of both polarizations.

As previously indicated, at least an additional two sets of hybrids
will be required for Band 1, as hybrids are presently unavailable to cover
the required 10:1 bandwidth. However, as discussed in the next section, it
appears advisable to divide the Band 1 into 3 sub-bands in order to be com-
patible with available pre-amplifiers and receivers and avoid even more
cumplicated band switching.

In addition to the various signal channels from the antennas, calibra-
tion signals arc also required. In order to obtain as accurate an amplitude
calibration of the sum-signal channels as possible, it is desirable that the
calibration signals be injected as close to the antennas as possible. This
further complicates the signal-transmission problem.

Table 2. 3-1is a tabulation of the various r-f signal channels that
exist at the antenna mount for the various frequency bands. Since passive
tracking can only be employed to track a particular frequency and polariza-
tion, only two of the difference-channel signals are employed at one time.
Additionally, as discussed in the next section, the azimuth and elevation
difference channels can be time shared without loss of the monopulse tracking
fecatures. This further reduces the number of difference channels required to
be transmitted to the receiver to a single channel. However, since this chan-
nel could be at any r-f frequency within the total band, at least 8 such chan-
nels would be required, assuming that the channels are not frequency
multiplexed. Frequency multiplexing could be employed, particularly at the
lower frequencies to reduce the number of channels still further. However,
the reduction does not appear significant. The number of channels in simul-
taneous use is still too large to permit the use of rotating joints to transmit
separate channel signals through a common azimuth axis.
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Band

Band 1

Band 2

Band 3

Band 4

Band 5

Band 6

TABLE 2. 3-1

SECTION 2

SUMMARY OF SIGNAL TRANSMISSION CHANNELS

Freq.

0.1 KMc

1 KMc

2 KMc

4 KMc

8 KMc

12 KMc

Range

-1 KMc

-2 KMc

- 4 KMc

-8 KMc

- 12 KMc

- 18 KMc

Total Channels

Total Channels in
Simultaneous Use

Sum Difference Calibration
Channels Channels Signals
6 12 3
2 4 1
2 4 1
2 4 1
2 4 1
2 4 1
16 32 8
16 8 8
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Additional considerations, particularly signal attenuation and unbal-
anced phase shifts, indicate that the receiver pre-amplifiers, tuner assem-
blies and calibration generators must be located with the antennas. It is
estimated that the path length between the antenna assembly and main
equipment location could be made as short as 125 feet, and desirably longer.
Waveguide attenuation at the higher frequencies would be at least 6 db and
probably higher due to the requirement for some flexible sections and a
number of joints. Additional problems such as moisture condensation,
would require special attention.

Phase matching between the sum and difference channels would also
be a problem. As indicated in Sec. 2.2 phase shifts after r-f differencing
are not highly critical; however, in order to prevent second order bore-site
shifts and loss in cross-over slope, these phase unbalances should be kept to
less than 15 to 20 degrees, which includes phase unbalances within the
receiver channels themselves. This degree of phase balance between long
transmissicn lines appears difficult to achieve.

The location of a large amount of electronic equipment within the
antenna mount has the obvious disadvantage of less equipment accessibility,
an increase in equipment complexity in order to obtain complete remote
operation, additional mount weight, and difficulty in providing protection
from severe environments. However, these disadvantages can be overcome

by good equipment dasign.

The location of the front-end portions of the receivers within the
antenna mount will provide maximum receiver sensitivity. Additionally, sig-
nal transmission to the main equipment location can now be made at i-f fre-
quencies, simplifying the signal transmission problem. The use of rotating
joints at i-f can now be considered practical, eliminating the requirements
for a cable wind-up system. For these reasons, it is concluded that the
complete r-f system, including pre-amplifiers, receiver tuning heads and
calibration generators should be located with the antennas on the antenna

pedestal.
2.4 RECEIVERS

The major problems in AN/MSQ-16 receiver design are those of
extreme width of frequency coverage and image rejection. All of the require-
ments of RADC-5111 are readily satisfied on a narrow-band basis; however,
AN/MSQ-16 provides six bands for continuous coverage from 0.1 to 18 Gcs,
defined as follows:

BAND Gces
1 0.1-1.0
2 1 -2
3 2-4
4 4 -8
5 8 -12
6 12 - 18
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Both full-band sweep and variable-sector-width sweep are to be pro-
vided. On the basis of information derived from surveying the band, any
particular signal may be selected for special attention. The receiver func-
tion for that signal would then change to fixed-frequency reception, and the
content of the information fed to the Data Processor would be frequency and
amplitude. An auxiliary and concurrent receiver function rnust also be safis-
fied, namely the derivation of servo control signals to direct the antenna array

in the passive tracking mode.

This section discusses the ways in which the usual receiver param-
eters may be optimized with regard to the above requirements.

2.4.1 Sensitivity. - In a receiving system of the type required for the
AN/MSQ-T6, it is obviously desirable to obtain as high a receiver sensitivity

as possible, within limits imposed by cost and complexity. The principal
elements which will determine the receiver sensitivity are any losses that
occur before appreciable gain and the noise figures of the low level stages.

The signal level required for a unity signal-to-noise ratio at the input

to the receiver detector may be expressed by the following relation:

S . = N.F. xKTAF
min R

where:
min - signal level referred to the receiver input for S/N =1
N. F. R " the overall receiver noise figure
K = DBoltzmann's Constant

T = absolute temperature, deg K
AF = the i-f bandwidth

This equation can be expressed in db values at T = +293°K as
Smin (dbm) = N.F.R (db) - 114 dbm + 10 log AF/1 mc.

The overall receiver noise figure, N.F. R is primarily determined by
the receiver input configuration. Table 2.4-1 indicates a surnmary of noise
fi;ures for various input configurations, i.e., traveling wave amplifier (TWT),
tuanel diode amplifier (TD) and a diode mixer. The noise figures indicated in
the table are for an r-f bandwidth equal to the complete frequency coverage of
“lic bands indicated. The TWT and tunnel diode noise figures are for the
amplifiers alone; however, the diode mixer noise figure assumes that the
rnixer is followed by an i-f amplifier with a 1.5 db noise figure.
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TABLE 2.4-1

NOISE FIGURES VS FREQUENCY

SECTION 2

Diode Mixer
Band Frequency TWT N.F. | TDN.F, N.F.
la 100 Mc - 250 Mc —_ 3.5db 6.5 db
1b 250 Mc - 500 Mc 3.5db 3.5db 6.5 db
lc 500 Mc - 1000 Mc 4,5 db 5.0 db 6.5 db
2 1.0 KMc - 2.0 KMc 4.5 db — 7 db
3 2.0 KMc - 4.0 KMc 5.0 db —_— 7 db
4 4.0 KMc - 8.0 KMc 5.5 db — 7.5 db
5 8.0 KMc - 12.0 KMc 7.5 db —_ 7.5 db
6 12.0 KMc - 18 KMc 9.0 db  — 8 db
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Other input devices could be considered, such as a parametric
amplifier. However, the AN/MSQ-16 requires image rejection, and is
required to be capable of rapid frequency scanning. The present state of par-
ametric amplifier development can provide instantaneous bandwidths of
approximately 3% so that a parametric amplifier would have to be rapidly
tunable. A panoramic amplifier with a 1.5 db noise figure has been developed
by Loral Electronics (Ref. 36) which can be tuned over the band of 200 Mc to
800 Mc by sweeping the pump frequency. However, it is anticipated that con-
siderable development would be required to scale this performance to higher

r-f frequencies.

An examination of Table 2.4-1 indicates that tunnel diode amplifiers
can provide octive bandwidths through the Band 1 frequency range. The low
frequency end of Band | (Band | a) could employ a vacuum tube amplifier
with a noise-figure comparable to the tunnel diode amplifier; however, the
high reliability of the tunnel diode amplifier makes it more desirable for this
application. Throughout the remaining bands, TWT amplifiers appear to
offer the best choice. The overall receiver noise figure can be obtained from
the basic relationship for the cascading of noise-figures, i.e.;

Fy-1 Fa-1
- DR Al W
Foy=Fp+ G, 401'62

+ ...

where G]. G, etc., are the available power gains of the devices with their
respective noise figures. Inthe case of the AN/MSQ-16, the wide band pre-
amplifiers should be followed by the pre-selector and/or image rejection
circuitry. This prevents deterioration of the overall receiver noise figure
by 3 db, since the wide band amplifier produces noise at both the signal and
image frequencies. In addition, the pre-selector insertion loss merely
reduces the amplifier gain, rather than adding directly to the overall
receiver noise figure as would occur if the pre-selector was ahead of the
amplifier. The main advantage to this latter configuration is that r-f band-
width narrowing is obtained ahead of amplification, preventing a high level
off-frequency signal which limits in the amplifier from suppressing a signal
within the pre-selector pass-band. However, the improvement in receiver
sensitivity warrants the use of pre-amplification ahead of pre-selection.

Table 2.4-2 summarizes the calculated overall receiver noise-figures
and expected receiver sensitivity for the various bands. These calculations
assumed a 2 db pre-selector loss following the r-f pre-amplifier, and a
broad-band crystal mixer following the pre-selector. An additional 2 db loss
ahead of the r-f pre-amplifier has been included (added directly to the overall
receiver noise figure) to include the effects of r-f losses ahead of the pre-
amplifier. This loss is increased to 4 db for Band 1, due to the requirement

for a band separation filter,

As indicated in Sec. 2.1, the calculation of the required antenna gains
was based on the requirement that with the assumed signal sources and range,
a -90 dbm signal level is required at the antenna terminals to give at least a
10 db signal to noise ratio at the receiver output. It can be seen from Table
2.4-2 that this requirement is exceeded at all frequencies and the performance
calculations are conservative,
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TABLE 2,4-2

SECTION 2

CALCULATED RECEIVER NOISE FIGURE AND SENSITIVITY

R-F R-F Overall Receiver
Pre-Ampl. Pre-Ampl. Revr Noise Sensitivity
Band N.F Gain Figure S/N=1,0F =1.5Mc

la 3.5db 15 db 3.9db -104.7 dbm
lb 3.5db 15 db 3.9db -104.7 dbm
lc 5.0db 15 db 5.2 db -103.0 dbm
2 4.5 db 28 db 4.56 db -105. 6 dbm
3 5.0 db 28 db 5.06 db -105.1 dbm
4 5.5db 28 db 5.54 db -105.7 dbm
5 7.5 db 28 db 7.52 db -103.7 dbm
6 9.0db 28 db 9.01 db -101.0 dbm
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The tangential receiver sensitivity for an AM pulsed signal, as viewed
on an A scope, can be obtained by lowering the S/N =1 sensitivities by 7 db.
This gives tangential sensitivities outside the specification limit of -100 dbm;
however, it is felt that the values given are the best obtainable without a
large increase in complexity and development effort,

2.4.2 Preselection. - The preselection function in widely tunable receivers
is generally one of the most difficult to implement. The preselector must be
capable of rapid tuning and must track the receiver local oscillator. The
dynamic range of this receiver is specified as 60 db minimum. With a max-
imum input signal, any spurious response should not be detectable, i.e., it
should not exceed the noise level. Thus, the rejection factor for the image
(a spurious signal) should be at least 60 db and preferably greater.

For panoramic and sector sweeping, a maximum image rejection is
not necessary; at times it is not even desirable. For example, weak-signal
detectability is actually enhanced if the image is presented. But image rejec-
tion does become a problem in fixed-frequency operation. If the first inter-
mediate frequency is high enough for the image rejection to be accomplished
by the selectivity skirt of the pre-amplifier, there is no need for a separate
pre-selector filter. This calls for the i-f center frequency to be located
several preamp bandwidths away from the preamp band edge. Since several
preamps are to have octave bandwidths, the necessary upconversion becomes
increasingly difficult for all but the three subdivisions of Band 1. Until
recently the only possible pre-selector was the multi-section cavity, mech-
anically linked for appropriate individual cavity tracking. The tuning rate is
necessarily slow, hundreds of milliseconds from limit to limit. The maxt-
mum number of cycles is dependent on mechanical wear. While this device
is not suitable for the Pan and Sector sweep modes, its use in the fixed-
frequency mode is practical and could be facilitated by a servo drive contrulled
by the first L. O. frequency. Moreover, the device provides minimum
insertion loss. Within the past couple of years, garnet ferrite technology has
progressed to such a degree that there are now available electronically-tuned
bandpass filters covering Bands 2 through 6 with reasonable insertion losses
(on the order of 2 db) and usable skirt selectivity {45 db to 50 db maximum
rejection). Some problems still exist with YIG filters in random spurious
responses and tuning hysteresis but these can probably be reduced to a
tolerable level with development.

Some 30 db of image rejection is achieved by the use of octave band-
width hybrid mixers to provide suppression of the unwanted sideband, with
deterioration to 20 db at the band edges. This, together with the YIG filters,
can provide the required overall rejection of 60 db minimum.

MELABS, Inc., claims a dynamic rejection capability of 60 db or
better for their microwave panoramic receivers in the sweeping mode only,
employing sideband suppression mixers with a form of video cancellation.
In the fixed-frequency mode, rejection falls to the expected range of 30 to

20 db.

VITRO LABORATORIES (Ref. 34) describes a sequential receiver sys-
tem using a multiple conversion scheme with the spectrum divided down to
1-Gcs segments. These 1-Gcs bands are further divided into 10 subsegments
of 100 Mcs each, any five of which are available for simultaneous inspection.
The specifications indicate a 70-db image- and spurious-rejection goal.
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2.4.3 AGC and IAGC. - With maximum linear detector dynamic range being
typically less than 20 db, the system dynamic range requirement of 60 db
necessitates a form of signal compression. This can be accomplished in
either of two ways; by AGC with a suitable response time, or by a logarithmic
predetection amplifier. The use of AGC requires special consideration of
signal characteristics with the necessary choice of time constants and signal
weighting. The AGC level can be used to good advantage as an indication of
absolute received signal strength, with an accuracy on the order of 2 to 3 db

for CW signals.

The use of a logarithmic i-f amplifier, on the other hand, is free of
these variables but this technique has inherently a much higher order of com-
plexity, requiring considerably more maintenance.

The presence of an interfering pulse signal can be largely overcome
by the use of IAGC, or instantaneous automatic gain control ahead of the nor-
mal AGC loop. The technique may take the form of one or more very fast
rise and decay auxiliary gain-compression loops around two or three stages
each, adjustable for virtual blanking of the interfering pulse signal when the
desired signal is of a non-pulsed nature. In this case, the receiver band-
width following the IAGC function can be made small enough so as not to
“see'' the very short spike which gets through during IAGC rise time. This
technique is most suitable for preventing pulses from capturing a normal
AGC loop and thus suppressing receiver sensitivity when working with a con-
tinuous signal.

2.4.4 Frequency Scanning. - This function may be approached in two ways.
In one method, the receiver first L. O., is swept over the range of interest,
with the following i-f stages operating at fixed frequency. For the AN/MSQ-
16, Band I covers a decade and remaining bands are of octave or near-octave
widths. Electronic sweeping over such wide ranges can be done most easily
with BWQO's (Backward-Wave oscillators). Klystrons could be used, but
would impose a need for mechanical tuning in addition to electrical tuning to
cover the full width of each band. The only advantage of klystrons over
BWO's is a lower possible residual frequency modulation of the L. O, from
extraneous noise and fields, which is important to fixed-frequency, narrow-
band operation. The alternative to sweeping the first L. O. is to employ
double conversion, and to sweep the second L.O. The r-f band can be sub-
divided down to several overlapping bands of constant width (say, 100 Mcs)
each of which is scanned, either simultaneously in groups, sequentially in
series, or sequentially in simultaneous groups. This scheme has several
very attractive advantages: The image-rejection problem can be solved
without the use of scanning preselectors; the various first L. O.'s can all be
crystal-controled; frequency scanning can be on a staircase basis, with the
increment determined by the minimum bandwidth of the system since the scan
range is limited to a relatively small value (a 1.0-Mcs bandwidth would
require 100 discrete levels, giving signal frequency automatically to a 1-Mcs
resolution which is better than 0.004% at 18 Gecs); and last, but not least, the
sweeping L. O. would be free of "'spurs'' caused by a true FM ramp. This
second scheme is the one reported by VITRO (Ref. 34). However, the scheme
suffers. appreciably from vulnerability to spurious responses due to the sev-
eral stages of mixing used.
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2.4.5 Frequency Measurement. - The determination of received signal
frequency can be made in several ways. The tuning of the receiver, being
all-electronic, provides, in the tuning control voltage, an electrical analog
of frequency. This can have an accuracy as good as 0.1% with rather elabo-
rate schemes, though 1% is a more practical value. In the sweeping pan/
sector mode, decade markers of any accuracy may be injected for display
calibration. The two marker blips bracketing the signal could be determined
automatically by rapidly sequencing an increasing decade resolution, on
command by the computer, while the signal frequency is found by interpola-
tion, as described below. See Fig. 2.4-1.

At the instant of signal coincidence on the sweep, the outputs of four
decade counters, A, B, C, and D, are combined to give the signal frequency
with A being indexed by correlation with the analog frequency voltage. The
markers are all phase-coherent and feed the counters in parallel. The actual
marker spacings would depend upon the Band in question as shown in Fig.
2.4-1. For this scheme to work, it is of course necessary to determine sig-
nal coincidence quite accurately. For CW, this is no problem, but for signals
characterized by a broad spectral distribution, it becomes necessary to con-
sider the spectral envelope. An operator, viewing the display, could position
a strobe intercept at any desired point on the signal envelope. Iully auto-
matic operation would require sensing the signal-spectrum peak. This
method does not require further calibration.

It might be satisfactory to accept the 1% accuracy while sweeping, and
then, when in the fixed-frequency mode, take the time to manually measure
the L. O. frequency or a substitute signal from the calibration generator with

a transfer oscillator and counter.

A third method, where the L. O. frequency is derived by a crystal
controlled synthesizer, would provide continuous exact frequency information

(See section 2.4.4 above).

2.4.6 Passive Tracking. - The antenna pedestal servo responds to azimuth
and elevation error voltages derived by the receiving complex operating on
the three r-f signals coming from the antenna/hybrid group. These are the
sum (L), azimuth difference (A,;), and elevation difference (Ag]). The I sig-
nal, besides yielding the normal data (frequency and amplitude), also acts as
the phase reference for determining the sign of the difference-channel error
signal. Therefore it is a design requirement that the A signal paths must
exhibit a minimum of differential phase-shift relative to that of the sum chan-
nel. The maximum total phase error resulting from all causes including the
summing and differencing hybrids should not exceed that value which causes
a signal loss of 1 db. The AZ and EL error signal output is proportional to
both the error signal amplitude and the cosine of the phase angle § between
the error signal and the reference at the detector. When @ is 0° or 180°, the
detector output magnitude is a maximum with the plus or minus sign deter-
mined by phasing. Al ¢b (12%) drop in output voltage would result from a

28° phase error.

The straightforward receiver configuration with completely separate
channels for each of the £, A,, and A, signals, but with a common L.O.,
would be a satisfactory design solution. However, a single difference channel,

time-shared for 4., and A ] functions would be completely adequate so long as
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the commutation rate exceeded the loop bandwidth (about 1/6 cps) by at least
an order of magnitude. If it were not for the differential phase error in par-
allel paths, aggravated over the 2 to | tuning range, a simultaneous time-
sharing could be done with A ,, and A ;) mutually orthogonal. However, axial
cross-coupling would accompany this scheme in addition to the gain variation
for differential phase variations between the A, and A, signals. Sequential
time sharing does not have this added problem and is preferable.

Linear reccivers using common AGC derived by the £ channel would
be mandatory. Logarithmic receivers could not be used since the £/A ampli-
tude ratio varies over a wide range and the phase shift through a logarithmic
amplifier is dependent on the absolute signal level.

A schemec whereby even the common A signal channel is eliminated,
with all three signals multiplexed over one channel, is much to be desired.
In such a scheme, the differential phase problem is reduced to the minimum
and a considerable cost saving is realized. One method might combine the
three signals according to Fig. 2.4-2. The Z signal is "on' continuously.

At an arbitrary angular commutation rate of 2Y the T signal is added with
alternative A signals both shifted equally by 90°, which now bear a 0° or 180°
relationship to the ¥ phase, thereby directly adding or subtracting in ampli-
tude. The 4 signals alternate at an angular rate which is 1/2 the (I + 4) rate.
After amplification, a simple envelope (AM) detector feeds a decommutator
operating in reverse order to separate the signals. Their stretched values
are compared. the comparator outputs providing the servo error signals.
This system. however, departs from true (simultaneous) monopulse and is
similar to conical scan, in that the reference-to-error comparison is time-
sequential rather than instantaneous; scintillation would therefore become a
problem. Though a commutation speed in excess of a few hundred cycles per
sccond would normally overcome this difficulty, it would not be compatible
with pulsed-signal repetition rates. Moreover, the crossover slope for con-
ical scan is approximately one-half that of monopulse, all else being equal.

A time-multiplexing scheme which does not lose the true monopulse
feature might be considered whereby the three channels are unequally delayed
in a time "staircase'’, then sampled sequentially, amplified, decommutated
and realigned in time. This technique is described in Reference 35 and
indicated in the block diagram of Fig. 2.4-3. The problem is complicated by
the fact that the incoming signals are not derived within the receiving equip-
ment as in a radar. The full range of repetition rates must be accommodated
for pulsed sources. It must also function on non-pulsed sources; a self-
synchronizing switch with optional interval sync generator might solve the
signal modulation diversity. A minimum time delay on the order of 10 micro-
seconds, due to long pulses, prohibits the use of r-f delay lines, which means
that the common channel must be restricted to use at the intermediate fre-
quency. The r-f preamps would then be independent. The added complexity
of this method offsets the saving of i-f amplifiers and does not warrant its

application.

As a result of the above review of available techniques, the two-channel
system discussed earlier is further considered. This scheme employs one
full-time channel for the phase reference and one channel which is time shared
between the A ,, and A, signals. This configuration is illustrated in the block
diagram of Fig. 2.4-4.
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The X and A channels should ideally have identical and linear gain and

phase characteristics up to the AGC detector in the £ channel. AGC action

keens gain equal in both channels up to this point, with the i-f levels essen-

tially constant (for all r-f input levels) and equal to the AGC reference. The

Z channel is normally amplified further and then limited to more nearly

approximate an 'on/off" switching waveform for controlling the phase-coherent

detector.

2.5 SIGNAL LEVEL AND FREQUENCY CALIBRATION TECHNIQUES

The problem of signal level calibration is related to that of frequency
calibration only to the extent that they are both done at the signal frequency.
Absolute level calibration involves substituting in place of the true signal
another similar signal of equal level which can be measured. Since the
amplitude response of the entire receiving complex is frequency sensitive,
including the antenna array, it is desirable to make this substitution of signals
at a point prior to the antenna. However, the establishment of a precisely
known field strength at the antenna array by a remote radiator introduces
several major problems. First, calibration cannot be done while tracking
without interrupting the target signal; the antenna array would also have to be
slewed around so as to be aimed at the reference beacon. It is also necessary
to establish a long-run remote control at the beacon site for tuning the trans-
mitter and setting its output level to a precisely known value. In addition, the
beacon antenna pattern would call for corrections as a function of frequency,
to be added to the calibrated value. All of these precautions, though rather
costly, are not particularly difficult to accomplish., There is one problem,
however, that does appear to seriously hinder the use of this system, namely

that due to multipath interference.

In order to clarify this effect and point out its marked dependence on
frequency and terrain, let us assume a typical beacon range of 2500 feet and
antenna height of 40 feet; receiver antenna height will be assumed as 25 feet.
Figure 2.5-1 shows this situation graphically.

The relative phase a, between the direct and reflected beams, is
given approximately as

4_h, h
o= pr—L2 (2.5-1)
AR

where

§ = the static component due to SR, the reflection angle.

Two simplifying assumptions are made: 6g is small (1.49° in the example
chosen), and the direct slant range R is very nearly equal to the horizontal
base-to-base range. The angle y = a - § is then the frequency-dependent
component. By rearranging Eq. 2.5-1, we may solve for the frequency
increment which would cause a 180-degree phase-shift, i.e., cancellation,
or a multiple of 360 degrees, i.e., addition.
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4TT hl h2

a-0 = Y=T (2.5-2)

Substitute c/f for A, where c = velocity of light.

4_fh h
R (2.5-3)
cR

Set Y =T and YZ =0.

Therefore,

R
£ = f -f S 2.5-4
A 1 24h1h2 ( )

6.64 Mcs for the typical values in Fig. 2.5-1.

1l

When hy/h] is not large, the denominator in Eq. 2.5-4 is larger by the addi-
tion of hlz, making A smaller. Thus, there is a complete phase reversal
between the direct and the reflected beams for every Af of 6.64 Mcs or less.

Normalizing the direct-beam field strength Fp to unity, the following
cquation defines the relative resultant field strength F as the vector summa-
tion of the direct (Fp) and reflected (FR) components.

_ 2 2 2
F o= «/FD +FR p-+2p FD FRcosa (2.5-5)

The reflection coefficient p, versus grazing angle, is given in Fig. 2.5-2 for
various types of terrain. Taking typical values of p for 4 to 18 inches of
grass at 10 cm wavelength, for both horizontal and vertical polarization, we
get p, ~ 0.4 and p, ~ 0.1. Fp is the receiving antenna gain at an angle off
beam center equal to 8p + 6g = 1.83°, and is a function of beamwidth. (The
radiating beacon antenna is assumed very broad.) The angle o is taken at its
limits of 0° and 180°. Equation 2.5-5is now solved for various beamwidths
in both polarizations. The ratio of (Fy =0 / Fq =) in db is plotted versus
beamwidth for H and V in Fig. 2.5-3.

It is seen that the H variations are the greater (almost 7 db) while the
V fluctuation is only 1.5 db.
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The situation as regards true signal reception is only slightly better,
inasmuch as a typical elevation angle, 0, of 3.76° occurs for R of 25 nauti-
cal miles and altitude of 10, 000 feet.

The appreciable H variation might be compensated by sweeping the
beacon across Af, provided the receiver bandwidth is flat over this range.
The average level would be that due to the direct wave only.

Rather than using a pole beacon, an alternative calibration scheme
employing injection at the receiving antenna terminals appears attractive for
three important rcasons:

a. Multipath interference is eliminated.
b, Calibration may be done while tracking.

c. Rotating joint specifications on transmission versus rotation
are relaxed since this is now within the calibration loop for
any given azimuth angle.

The second point allows for dynamic comparison between true and calibration
signals on an equal-level basis. This avoids reliance on the linearity of both
the overall receiver dynamic range and that of the signal detector. Another
point in favor of this method is the elimination of the need to interpolate
between discrete levels established by a calibration check made at some
other time. Problems common to both systems are:

a. Corrections for small signal-level variations versus
frequency.

b. Establishment of reference level.

c. Precise determination of attenuation following the reference
level point.

The reference level generator array, regardless of location, must be
electrically tunable; its output reference level must be maintained constant;
the reference level must be attenuated through a precision attenuator with
the attenuation level available in a form suitable for readout.

For reasons given earlier in regard to the receiver first L. O.'s, the
signal generator array should incorporate BWO's, but some other scheme
must be found for Band 1 since BWO's are impractical under 500 Mcs. It
appears that, in order to avoid band switching and its associated problems,
the use of three separate signal generators with motor-driven tuning is the
only practical solution for Band 1, with one output for each of the sub-bands

as follows:

Sub-Band Coverage, Gcs
1A 0.1-0.225
1B 0.225 - 0.5
1C 0.5 -1.0(a BWO is possible)
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No single commercially available unit has been found which is ideally suited
for such operation.

The reference levelling setting is best established automatically.
The range of control required is not great, some 10 db at most. A voltage-
controlled solid-state attenuator is commonly used for this purpose.

The critical point is at the level-sampling diode, its housing, and the
associated couplers. Levelling to within 0.5 db is possible through X Band,
with special diodes (discounting the coupler variations), which have response
typically constant within 1.5 db across an octave band for a nominal 3 db
coupling. This means that the output reference level might have as much as
a 2 db variation with frequency. This represents the best that can be done
without resorting to variable impedance match refinement across each band.
Fortunately, the major error contribution is generated by the coupler, which
is passive and constant with time. Therefore, a small correction can be
introduced into the levelling control loop as a parametric function of tuning
voltage.

The best precision attenuator accuracies achievable vary from 2%
for Band 6 to £1/2% for Band 1. They are given below for Bands 1 through 6
with the attenuator type indicated (Ref. 9).

Band Accuracy Attenuator Type
1 +1/2% Waveguide beyond cutoff
2 £1/2% Waveguide beyond cutoff
3 £1% Waveguide beyond cutoff
4 £1% Waveguide beyond cutoff
5 £2% Rotary vane
6 £2% Rotary vane

For remote operation, the attenuator shaft can be servo driven, its position
being determined by a coupled shaft-position encoder with appropriate digital
readout. Extension to automatic attenuator drive would include completing a
positional servo loop. Since the calibrate sample is to be madec equal to the
true signal!, a comparator must monitor the difference. A typical channel-
level-calibration system is shown functionally in Fig. 2.5-4. The comparator
takes the form of a differential amplifier. Commutation, with separate hold-
ing amplifiers, prevents an initiaily large calibrate signal from capturing the
AGC loop and disturbing the passive tracking function. The tracking loop
bandwidth has not been specified but will most probably lie in the vicinity of

1 radian (1/6 cps). The calibrate signal sampling rate should be not less than
5 to 10 times the data rate, which has been spzcified as 5 per second. The
duration of the calibrate signal should be small, so as to maximize data signal
time. It may be that the data signal is pulse-modulated and at least one new
signal pulse should be received between calibrate samples. The minimum
repetition rate for most similar systems is on the order of 100 pps.

The calibration gate gencrator would ideally put out a 1-millisecond

pulse at a repetition rate of 50 pps, with the 19 millisecond "off time"
devoted to data-signal reception.
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Switching of r-f signals according to the above format calls for the use
of non-mechanical devices. PIN (intrinsic layer) diode switches do not appear
to be usable above 6 or 7 Ges, but are quite suitable in SPDT versions below
this range. An alternative scheme is shown in Fig. 2.5-5. This is a new
application of the standard radar duplexer circuit. When the shunt diodes in
S1 and S2 are open, the antenna signal is passed to the receiver with very
little attenuation (on the order of a tenth of a db), and the signal generator
output is passed to the dummy load. When the diodes are shorted, the
antenna signal is reflected to the dummy load while the signal generator
output is reflected to the receiver with a typical loss of 1/2 db £1/10 db.
Isolation for both conditions is normally around 40 db. Octave band coverage
may deteriorate this to between 25 and 30 db at the band edges; a 1% isolation
(20 db) is satisfactory. The diode switches Sl and S2 would be driven by the

Sampling Gate Generator.

The solution to the frequency calibration problem depends on the choice
of receiver configuration. The tuning voltage for a BWO is the analog of fre-
quency, and is consistently repeatable. Its linearity and accuracy are both
on the order of 1%. The use of calibration markers during BWO scanning
can yield crystal-controlled accuracies. So also does the use of synthesizer-
derived L.O. frequencies as described earlier in Sec. 2.4-4, which yields
crystal accuracy in both the sweeping and non-sweeping modes. Receivers
using BWO's as first L. O.'s in the non-sweeping' mode require that a transfer
oscillator and counter be used to determine the frequency to any accuracy
better than the above-mentioned 1%. For convenience, the substitute cali-
brate signal (CW) may be measured by the counter for a direct reading of
incoming signal carrier frequency; it appears impractical to automate this
particular function, inasmuch as the use of a transfer oscillator requires the
operator to decide on the correct harmonic number.

2.6 DATA PROCESSING

The function of the data processing system is to accumulate all
pertinent data from the receiving and tracking systems, and aircraft altitude
information, and to perform such computations as are required to define the
radiation characteristics of the airborne system under test. The determina-
tion of radiation patterns will be the primary function of the processor. A
secondary function will be to provide a measurement of field strength of the
radiating systems as a function of frequency, or the frequency signature.
Inasmuch as system considerations necessary to accomplish radiation-pattern
measurements necessarily encompass those of frequency-signature measure-
ments, the following will be a discussion of system considerations for the
primary role of radiation-pattern measurements.

The radiation pattern will be determined by computing the direction
and magnitude of an r-f vector emanating from the source of airborne radia-
tion relative to the conventionally defined coordinate axes of the airborne
vehicle. The direction of the r-f vector with respect to the airborne vehicle
coordinates can be readily determined from knowledge of the vehicle's range-
elevation position and the aircraft's attitude (or orientation of aircraft axis
coordinates) relative to the fixed coordinate system of a ground-based
receiving antenna. The absolute magnitude of the vector can be determined
if an accurately calibrated receiving system is used. The magnitude of the
vector can be normalized for a particular range by means of a relatively
straightforward computation.
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Figure 2.5-5. R-F Switch for Bands 5 and 6
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The data processing system should be independent of the type of flight
pattern, except as limited by the data-handling capacity of the data processor.
A discussion of data-handling limitations is deferred to a latter section of
this report. For the purpose of discussion of the problems of data processing,
a cloverleaf flight pattern is assumed.

The cloverleaf flight pattern is one in which the aircraft is vectored
to fly at various headings through a designated identification point (I. P.) in
space at a constant altitude, as shown in Fig. 2.6-1. During each flight
through the I. P., data will be gathered to determine characteristics of a par-
ticular point on the radiation pattern of each airborne system undergoing test.
A series of flights at a constant altitude and range will result ir a radiation
pattern at a corresponding depression angle, related to aircraft coordinates.
Patterns for other depression angles will be similarly determined from data
gathered from a series of flights at other discrete altitudes corresponding to
the desired depression angles, until the three-dimensional radiation pattern
of the aircraft is described to the degree of detail desired.

Data are gathered during flight in three test zcnes defined as the Pre-
test, Test, and Post-test zones, as shown in Fig. 2.6-2. The Test zone is
approximately 500 feet wide in contrast to approximately 5 nautical miles
each for the Pre-test and Post-test zones. Assuming an aircraft ground
speed of 300 knots, the period of time required to transit each test zone is

as follows:

1. Pre-test 60 seconds
2., Test 1 second
3. Post-test 60 seconds

The required data to be taken during the entire data run is listed in
Table 2.6-1. It will be noted that aircraft tracking data (azimuth, elevation,
and range) are monitored throughout the data run. During the Pre-test
period, the aircraft's course is computed to permit an accurate vectoring of
the aircraft into the test phase. Aircraft course during the Test and Post-
test periods is computed to assure that the aircraft course is that desired.
During the Test period, all data pertinent to determining points on one or
more radiation patterns associated with respective sources of radiation are
monitored at the rates indicated.

In addition to time of day and tracking data, the frequency of each
horizontal and vertical receiving band is monitored during the Pre-test and
Post-test periods to provide a 1% record of the receiver bands used. The
identification of frequency is of prime importance when the system is used in
spectrum analysis. One sample at each frequency is monitored during the
Post-test period immediately following the test period to insure that the
respective tuning of each receiving band is consistent with that prior to the
Test period. Inasmuch as the stability of the receiver is measured in terms
of cycles of drift per minute or longer, a sample of each receiver band fre-
quency may be taken at relatively low rates. For convenience, frequency
sampling at the rate of one sample per second is assumed.
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Figure 2.6-1. Typical Flight Plan for Cloverleaf Pattern
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It is desirable to determine absolute power levels of signals received
ir each horizontally and vertically polarized receiving band. In the event that
absolute levels cannot be readily measured, a calibration run of each receiver
should be provided during the Post-test period. A calibration run is valuable
in any event, as it permits a dynamic check on the validity of signal levels

monitored.

The determination of the direction of each r-f vector relative to the
coordinate axes of the circraft requires the solution of complex trigonometric
equations (s. . Appendix IV). In the general case, it is assumed that the air-
craft's range, azimuth, ar elevation is determined by a tracking system
external to the receiving system., Curvature of the earth must be taken into
consideration to permit an accurate determination of aspect and depression
angles independent of the aircraft's range.

Fundamental to ascertaining the aspect and depression angles relative
to the coordinates of the aircraft is an accurate knowledge of the heading,
pitch, and roll attitudes of the aircraft. In the absence of automatic airborne
instrumentation and an air-to-ground data link system, it will be necessary
to resort to human interpretation and communication of the desired aircraft
altitude data. It follows that errors in the plot of the radiation pattern can
result if the data is reduced utilizing data which is subject to potential mis-
interpretation and subsequent communication.

Aircraft which is equipped with an automatic pilot can maintain the
average angular error in heading, pitch, and roll for straight and level flight
to less than 1° throughout any one data-taking test run. Consequently, if
sufficient data is gathered and properly smoothed, the pitch and roll of the
aircraft can be considered to be constant and of zero magnitude, thereby
reducing the complexity of computations required to determine the aspect and
depression angles. When the duration of a single test flight is such as to
cause major changes in gross weight of the aircraft, the constantly changing
trim conditions will cause a slowly-changing pitch reference error. This
can be overcome through adherence to simple flight-operational procedures,
as discussed in Sec. 3.1.2, to preserve the 1° accuracy assumed.

The selection of an optimum approach to the data processing system
is possible once the basic criteria of data rate and the desirability of real-
time data reduction has been established. Obviously the desirability of
real-time data reduction at high input data rates must be weighed against
associated cost in terms of equipment complexity and reliability.

A fundamental objective of the data processing system is to reduce all
data to the desired accuracy in a reasonably short period of time with a mini-
mum of human participation. The volume of data that must be reduced is
closely related to the data rate and to the required system accuracy. It will
be noted that the volume of data indicated by Table 2. 6-1 and complexity of
computations required is such as to dictate the use of a computer as the basis

of data processing.

It follows that a major decision must be made in regard to the appli-
cation of the computer 'on' or "off" line. If the computer is operated ''on
line' or as an integral part of the AN/MSQ-16 data processor, real-time
data reduction is feasible. If economic considerations dictate the use of a
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computer facility "off line', the AN/MSQ-16 data processor design will be
grossly affected.

The principal advantages of ''on line' computer utilization are as
follows:

1. Provides real-time data reduction.

2. Provides a flexible data-processing system adaptable to a
' variety of aircraft patterns.

The value of data reduction on a real-time basis cannot be over-
emphasized. Antenna patterns can be plotted during the test, thereby permit-
ting an appraisal of the validity of the data while the aircraft is aloft. Data
points which may be thought to be questionable can readily be rerun. Con-
sequently, aircraft flight time can be utilized more efficiently.

The data processing system can be programmed to accommodate a
variety of aircraft patterns, thereby making maximum utilization of the
computer. On the otker hand, if the computer is not operated "on line", the
data must be processed and recorded in a fixed format compatible with the
computer facility. When the computer is used "on line", it is possible to
program the computer hardware to accumulate the data in accordance with the
flight pattern dictates. Consequently, the ''on-line'' use of the computer per-
mits optimum utilization of the computer as well as the aircraft. Two
approaches corresponding to the "on-'" and "off-line" use of the computer
have been considered and are discussed in the following text.

A basic question arises as to the choice between the use of an analog
or digital computer. The choice of a digital computer becomes obvious after
considering the size, weight, complexity, and cost of an analog device of
equal capability relative to a digital computer. The above comparison
becomes even more favorable to a digital computer when the reduction of
data on a real-time basis becomes a requirement, in that real-time data
reduction by means of an analog computer precludes time sharing of a
multiplicity of input data. In addition, analog computation would entail
development of a special-purpose computer especially designed for the solu-
tion of problems inherent in the AN/MSQ-16 system.

2.6.1 Input Data Processing. - A requirement of input data processing
exists independent of whether the computer is used ''on' or "off line', since
in any event it is necessary to process all input data into a form compatible
with the computer. It will be noted that with the exception of time of day,
which will be derived from the AN/USQ-23V, and possibly aircraft attitude
data communicated via a digital data link from the aircraft, all input data
will be in the form of analog voltages or shaft positions. Inasmuch as the use
of a digital computer is indicated, it becomes necessary to digitize all analog
input data to an accuracy which will not introduce a significant degradation of

the input data.

As noted previously, the input data will consist of data from 6 receiver
bands, the radar tracker, and aircraft attitude data. The tracking data shall
be derived from the AN/MSQ-1A or AFMTC Mod III tracking systems which
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derive range, azimuth, and elevation of the aircraft as functions of shaft
positions with the following accuracy:

Paramete}r Accuracy
Range 1 partin 1, 000
Azimuth angle (1 part in 6,400) x 21 radians
Elevation angle (1 part in 6, 400) x 21 radians '

Receiver data from each of the 6 receiving bands shall have the
following accuracy:

Parameter Accuracy
Signal Level +20%
Analog Frequency 1%
Digital Frequency +0.001%

Aircraft attitude data shall be assumed to be accurate to £2° if
derived by human interpretation and transmission or less than *1° if derived

by a data link system.

Binary-coded decimal (BCD) time data from the AN/MSQ-23V, having
a resolution of 1 second will be used for the chronological time and to serve
as the basis of correlating data between ground and airborne instrumentation.

The input data may undergo analog-to-digital transformation by any
of several means. An immediate choice of conversion equipment is the use
of shaft encoders for all parameter inputs in terms of shaft position, and
voltage-analog-to-digital converters for other parameters which occur in
the form of analog voltages. In order to preserve the inherent accuracy of
analog input voltages the analog-to-digital converter should have nearly an
order of magnitude better accuracy (three binary bits). When converting
shaft position, shaft encoders having the same resolution as the raw data can
be employed since they are directly coupled and provide a one-to-one corre-
spondence with the raw data.

Aircraft attitude data, if available, via an r-f automatic data link,
will probably be in the form of digital codes in serial form. Regardless of
its form, it will be desirable to convert it to an appropriate binary code in
parallel form for entry into the remainder of the data-processing system for
compatibility with computer formats. The number of bits in the digital code
will obviously be dictated by the accuracy of the data link which will be
assumed to be the same as that of the radar tracking data. In the absence
of an automatic data link, the aircraft attitude data will be voice communi-
cated, and can be readily entered into the processor manually.

It will be noted that the r-f frequency of each receiver band is avail-

able i two forms, one having an accuracy of £1%, the other an accuracy of
£0.0001%. The more precise frequency measurement will be determined
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manually by means of a transfer oscillator technique which may require
several minutes of operator time. The less precise measurement may be
determined automatically by means of an analog voltage which will be shaped
to provide a linear indication of the respective calibration frequencies of
each receiver band to an accuracy of £1%.

Since the rate of determination of the precise receiver frequency is
severely limited by manual measurement, the precise value of receiver fre-
quency will of necessity be manually entered into the processing system prior
to the data run. The measurement of frequency having lesser accuracy,
sampled at the rate of 1 sps, will provide a dynamic monitor of the tuning of
each band for purposes of receiver band identification and correlating signal
levels with frequency in the frequency-signature mode of operation.

An important consideration in converging on an optimum approach to
the data processor system is the desirability of utilizing the processing equip-
ment to the maximum feasible extent. The possibility of time sharing a
common component with common inputs appears attractive, particularly in
the processing of the relatively low-accuracy and low-bandwidth receiver
C.ta. Although the bandwidth of the radar tracking data is low relative to the
5-cps sampling rate, the accuracy of the high-order aspect and depression-
angle computation would be degraded significantly if time-sharing of process-
ing equipment were to be employed.

In view of the aforementioned considerations, it appears than an
optimum approach to the initial processing of input data would be to employ
an analog-to-digital converter on a time-shared basis to convert signal level
and frequency of each horizontally and vertically polarized receiving channel
to an accuracy of 1 part in 1024 as dictated by the received frequency. Radar
tracking data can reliably be converted to this accuracy by utilizing shaft
position encoders having ten or more bits.

The selection of a code for the digitized data has been carefully con-
sidered. The computer can accept a variety of codes; however, the computer
program will require a transformation into a straight binary code for com-
putations. The conversion time requires an insignificant amount of computer
time on the order of milliseconds or fractions thereof as compared with a 200
millisecond minimum sampling period. Consequently, the choice of digital
code can be made with little or no considerations of the computer.

From the standpoint of monitoring any of the input data, it is obviously
desirable that all data be displayed in decimal form. The problem of display-
ing binary coded decimal readout is readily resolved if the computer is oper-
ated '"on line' since the computer, upon request, can readily accomplish the
conversion of input data if necessary. If the computer is operated "off line',
it will be desirable that all input data be digitized in a binary-coded-decimal
format. Monitoring of receiver data is straightforward in that the analog-to-
digital converter can be designed to output any desired code. Similarly, shaft
encoders can be provided with code wheels providing various grey and/or
straight-binary codes requiring readout equipment for each wheel provided.
Binary-coded-decimal conversion of straight binary codes will require addi-
tional equipment to accomplish the conversion if the computer is not available
"on line'. Consequently, the decision to use BCD codes appears to be an
optimum choice for the '"off line' computer.
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The following is a tabulation of the minimum number of binary bits
required to maintain the accuracy of the input data in BCD code:

Parameter No. of Bits
Signal Level 8
Receiver Frequency (Analog) 12
*Receiver Frequency (Digital) 16
Tracking Data 14
Attitude Data 14
Time 20

*Manually entered prior to data run.

The decision to use serial or parallel data entry to the computer is
one which must be made after considering the trade-off of higher data rates
at the expense of added equipment. It will be shown that the relative increase
in equipment complexity required to provide a parallel readout is small in
comparison to the advantages of higher data rate made possible. The advan-
tages of high data rates will obviously permit a reduction in aircraft flight
time if flight patterns are chosen to fully utilize the maximum data rate of the
data processor. Consequently, the use of parallel sampling of data appears
to be the logical choice.

2.6.2 Off-Line Data Processor. - The off-line data processing system is one
in which the digitized input data described above is in a format compatible
with a computer facility. Insofar as the AN/MSQ-16 data processor is con-
cerned, the output will be in the form of a recording of the digitized input

data in accordance with the following discussion. In addition to the recording
medium, the data processor will require straightforward logical circuits to
control the flow of recorded data in accordance with a controller to program
the reading and recording of the various input data.

The detail design of the data processor is of necessity dictated by the
recording rate, which in turn will influence the selection of recorder type.
Potential requirements of a hard copy of each data run can also affect the
choice in the recording medium to a significant extent. If a hard copy is
required for a permanent record of the data run, the processor design is
biased in the direction of punched paper tape recording, assuming recording

rates are compatible,

If the data rate is in excess of the recording rates of the state of the
art paper punch recorders, the use of a magnetic tape will be mandatory.
If a magnetic tape is indicated with an off-line data processor, while requir-
ing a permanent hard copy, it is apparent that the equipment costs may
influence the use of a multiple magnetic tape of sufficient length to record
the entire data run., In this case, hard copy can readily be obtained from the
computer facility at the time of data reduction. If a computer is integrated
into the system, hard copy can be an output from the computer in any desired
form independent of its source of input,
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Two systems have beenunder consideration, one of which utilizes a
5-level character recording; the other utilizes an 8-level character record-
ing. A block diagram of a system employing an 8-level character recording
is illustrated in Fig. 2, 6-3, The block diagram of a system using a 5-level
character recording differs from that of the 8-level character system pri-
marily in the required read and record gating logic.

The design of the controller is directly affected by the fact that the
type of data to be recorded is a function of Pre-test, Test, or Post-test
periods of the data run. A close examination of the problem reveals that
the general design of the controller should be such as to provide a series of
gates arbitrarily designated as "A", "B", "C'" and ""D'" gates, which, when
used in a combination of logic circuits, can be used to read and/or record
any particular parameter at the rates and periods indicated by Table 2, 6-1,
Results of a detailed analysis of the number of various gates required for
either 5-level or 8-level character recording is given in Tables 2, 6-2

through 2. 6-7.

Specii.cally, "A'" gates are for the purpose of controlling the type
of data to be read and recorded during the Pre-test, Test and portions of
the Post-test periods as follows:

"A'" Logic Gates

Time of
Occurrence
in Secs After

Gate No. Function Start of Data Run Period
Al Pre-test Period 0 60 secs
AZ‘ Test Period 60 1 sec
A3. 1st second of Post-Test Period 61 1 sec
A4| 2nd 62 1 sec

“Ag) 3rd 63 1 sec

64 1 sec

% 5-level character printing only.

Any one of five ""D' gates each having a period of 200 Ms (as limited
by the maximum sampling rate of 5 cps) can be used in combinations of "and"
circuits to control the reading and recording of data on a macroscopic scale
as shown by Table 2. 6-8, Any particular input parameter is selectable by a
"B'' gate, the period of which is such that the sum of all the periods of all
"B'' gates is equal to the duration of one "D'" gate, or 200 Ms. The number
of "B" gates is governed primarily by considerations of converience and the
maximum number of characters to be recorded during any portion of the
data run, The primary function of the '""B' gate is to permit reading any one
or group of parameters into the processor. Specifically, the first "B" gate
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RADC-TDR-63-403

(First 200 Ms of Pre-Test and Post-Test Periods)

IIBII

5-Level Character Printing

Gate No,

Function

TABLE 2, 6-2

LOGIC READ GATES

SECTION 2

8-Level Character Printing

Gate No,

Time, Tracking Data

Hor,
Ver,
Hor.
Ver,
Hor.
Ver,
Hor,
Ver,
Hor,.
Ver.
Hor.
Ver,

Freq.
Freq.
Freq.
Freq.
Freq.
Freq.
Freq.
Freq.
Freq.
Freq.
Freq.
Freq.

Band 1
Band 1
Band 2
Band 2
Band 3
Band 3
Band 4
Band 4
Band 5
Band 5
Band 6
Band 6

61

B

O Jo~Uut v iy

WWWwWIVINN NN NDNDDNDNDDN —

Function

Time, Tracking Data

Hor.
Ver,
Hor,
Ver,
Hor.
Ver.
Hor,
Ver,
Hor,
Ver,
Hor,

Ver,

Freq,
Freq.
Freq.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>